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ABSTRACT 

An l y s e s  of AAP rendezvous  mLss ions  show t h a t  l a u n c h  
windows are much n a r r o w e r  m d  l aunch  o p p o r t u n i t i e s  fewer w i t h  t h e  
new 3 5 O  i n c l i n a t i o n  o r b i t .  Data f rom p r e c i s i o n  s i m u l a t i o n s  are 
p r e s e n t e d  showing how pay load  v a r i e s  w i t h  l aunch  t i m e  d u r i n g  t h e  
l a u n c h  window f o r  b o t h  LM/ATM and CM/SM l a u n c h e s .  

I n  t h e  c a s e  o f  t h e  LM/ATM, i t  w i l l  n o t  b e  p o s s i b l e  
t o  have  a d a i l y  l aunch  o p p o r t u n i t y  because  t h e  LM/ATM can o n l y  
b e  l aunched  when s p e c i f i c  c o n d i t i o n s  on b o t h  t h e  p o s i t i o n  o f  
t h e  Workshop o r b i t  p l a n e  and t h e  p o s i t i o n  of  t h e  Workshop i n  i t s  
o r b i t  are s i m u l t a n e o u s l y  s a t i s f i e d .  T h i s  d u a l  r e q u i r e m e n t  on 
l a u n c h  t i m e  w i l l  i n  g e n e r a l  n e c e s s i t a t e  l a u n c h i n g  t h e  LM/ATM 
w i t h  a component of v e l o c i t y  toward t h e  t a r g e t  p l a n e  and yaw 
s t e e r i n g  t h e  l a u n c h  v e h i c l e  t o  i n s e r t  t h e  LM/ATM i n t o  t h e  de- 
s i r e d  p l a n e ,  c a u s i n g  a loss of p a y l o a d  c a p a b i l i t y  depend ing  
on t h e  amount of  yawing r e q u i r e d .  

The CM/SM l a u n c h e s ,  which must be  made a l o n g  s o u t h e r l y  
az imuths  for g r e a t e r  a b o r t  s a f e t y  b e c a u s e  an  SPS i n s e r t i o n  bu rn  
i s  ~ l z m e d ,  are  l ess  s e v e r e l y  c o n s t r a i n e d .  The CM/SM can l o i t e r  
f o r  s e v e r a l  r e v o l u t i o n s  i n  a parking o r b i t  u n t i l  t h e  p h a s i n g  
c o n d i t i o n  f o r  rendezvous  i s - s a t i s f i e d .  I n  o r d e r  t o  r educe  t h e  
p h a s i n g  t i m e  it may be des i r ab le  t o  a c c e p t  a loss i n  CM/SM pay- 
l o a d  i n  o r d e r  t o  l a u n c h  when t h e  i n -phase  c o n d i t i o n  i s  s a t i s f i e d .  
I n  s u c h  c a s e s  f l i g h t  a l o n g  a non-optimum azimuth and yaw s t e e r i n g  
i n t o  t h e  t a r g e t  o r b i t  p l a n e  r e s u l t .  
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I .  I N T R O D U C T I O N  

The i n c l i n a t i o n  o f  t h e  AAP O r b i t a l  Workshop has been 
changed from 2 9 O  to 3 5 " .  Most r e c e n t l y  t h e  use  of  t h e  S e r v i c e  
P r o p u l s i o n  System of  t h e  S e r v i c e  Module t o  a c h i e v e  o r b i t  (SPS 
i n s e r t i o n )  has been b a s e l i n e d  f o r  a l l  A A P  CM/SM f l i g h t s .  The 
h i g h e r  i n c l i n a t i o n  i n c u r s  a pay load  p e n a l t y  on a l l  l a u n c h e s  and 
makes rendezvous  a p p r e c i a b l y  more d i f f i c u l t .  The  SPS i n s e r t i o n  
o f f e r s  s u b s t a n t i a l  p a y l o a d  c a p a b i l i t y  improvement on t h e  manned 
l a u n c h e s  b u t  t h e  scheme a l s o  provokes  s p e c i a l  crew and r a n g e  
s a f e t y  c o n s i d e r a t i o n s  wh ich  f u r t h e r  l i m i t  t he  rendezvous  o p t i o n s  
f o r  t hese  f l i g h t s .  

I n  t h i s  memorandum w e  s h a l l  e x p l o r e  t hese  t o p i c s  and 
p r e s e n t  t h e  r e s u l t s  o f  computer s i m u l a t i o n s  t h a t  e x p r e s s  these  
e f f P c t s q u an t i t a t i v e I y . 
11. LAUNCH WINDOW CONSIDERATIONS 

A 35" I I i c i i i i a i i o I i  o r b i t  c rosses  t h e  l a t i t u d e  of' Cape 
Kennedy t w i c e ,  nor thbound and southbound.  Rockets  can b e  l a u n c h e d  
i n t o  t h i s  p l a n e  most e a s i l y  and e f f i c i e n t l y  on l aunch  az imuths  of 
6 7 O  or 1 1 2 O  r e s p e c t i v e l y  w i t h  no yaw s t e e r i n g  r e q u i r e d .  Because 
a l l  t h e  a c c e l e r a t i o n  i s  i n  t h e  same p l a n e ,  i n  t hese  two c a s e s  t h e  
p a y l o a d  c a p a b i l i t y  i s  maximum. F l y i n g  i n t o  a s p e c i f i c  i n e r t i a l  
o r b i t  p l a n e  r e q u i r e s  a l aunch  a t  t h e  e x a c t  i n s t a n t  i n  t h e  day 
when t h e  e a r t h ' s  r o t a t i o n  b r i n g s  t h e  l aunch  s i t e  t o  t h e  t a r g e t  
o r b i t  p l a n e  a t  one p o i n t  or t h e  o t h e r .  T h i s  i n s t a n t  i s  c a l l e d  t h e  
c e n t e r  o f  a l aunch  window, because  t h e  t a r g e t  o r b i t  p l a n e  can  also 
be  a c h i e v e d  from a somewhat e a r l i e r  or l a t e r  l aunch  t i m e ,  b u t  on ly  
by f l y i n g  i n t o  t h e  p l a n e  w i t h  a d e f l e c t e d  l aunch  az imuth  and  a 
s u b s e q u e n t  yaw t u r n  d u r i n g  a s c e n t .  

For example,  i f  i t  is d e s i r e d  t o  l aunch  a l i t t l e  e a r l i e r  
t h a n  t h e  optimum nor thbound  launch o p p o r t u n i t y ,  t h e  r o c k e t  w i l l  
s t a r t  from a p o i n t  t o o  f a r  t o  t h e  west ,  or l e f t  of t h e  o r b i t  p l a n e  
when l o o k i n g  down r a n g e .  The l aunch  az imuth  must be  d e f l e c t e d  t o  
t h e  r i g h t  toward t h e  d e s i r e d  p l a n e ,  and t h e n  a yaw t u r n  t o  t h e  
l e f t  i s  r e q u i r e d  t o  b r i n g  t h e  f l i g h t  p a t h  t a n g e n t  t o  t h e  p l a n e  a t  
c u t o f f .  A s p e c i f i c  combinat ion o f  yaw r a t e  and l aunch  az imuth  
d e f l e c t i o n  i s  r e q u i r e d  t o  p u t  b o t h  p o s i t i o n  and v e l o c i t y  i n  t h e  
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des i r ed  p l a n e  a t  c u t o f f .  The magnitude of these  a d j u s t m e n t s  
are a lmos t  l i n e a r l y  p r o p o r t i o n a l  t o  t h e  l a u n c h  t i m e  d e v i a t i o n  
f rom t h e  optimum or c e n t e r  of t h e  l a u n c h  window. 

These yaw t u r n i n g  maneuvers i n c u r  a p a y l o a d  loss. 
F i g u r e  1 shows t h e  e x a c t  v a r i a t i o n  i n  p a y l o a d  c a p a b i l i t y ,  l a u n c h  
az imuth  and yaw r a t e  for t h e  LM/ATM f l i g h t  as t h e  l a u n c h  o c c u r s  
b e f o r e  or a f t e r  t h e  n o r t h e r l y  optimum. The data  were o b t a i n e d  
from p r e c i s i o n  powered f l i g h t  s i m u l a t i o n s  t h a t  were t a r g e t e d  t o  
t h e  des i r ed  c o n d i t i o n s  u s i n g  BCMASP, our s t a n d a r d  s i m u l a t o r  
program ( R e f e r e n c e s  1 and 2 ) .  I n  t he  s i m u l a t i o n s  t h e  yaw maneuvers 
were r e s t r i c t e d  to t h e  second  s t a g e  o p e r a t i o n  t o  p r e s e r v e  a small  
a n g l e  of a t t a c k  th roughou t  f i r s t  s t a g e  b u r n  when aerodynamic f o r c e s  
are  l a r g e .  A yaw a n g l e  r o t a t i o n  was i n t r o d u c e d  30 seconds  a f t e r  
S-IVB i g n i t i o n  when c losed- loop  gu idance  would b e g i n  and a con- 
s t a n t  yaw r a t e  was m a i n t a i n e d  t h e r e a f t e r  u n t i l  s-IVB c u t o f f .  With 
t h r e e  parameters ( l a u n c h  az imuth ,  yaw a n g l e ,  and yaw r a t e )  a v a i l a b l e  
t o  c o n t r o l  ou t -of -p lane  p o s i t i o n  and v e l o c i t y ,  i t  was p o s s i b l e  t o  
choose  a combina t ion  t h a t  a l s o  o p t i m i z e d  p a y l o a d .  It was n o t e d  
t h a t  t h e  payload  o p t i m i z a t i o n  r e s u l t e d  i n  v a l u e s  of yaw a n g l e  v e r y  
c l o s e  t o  z e r o .  However, i n s u f f i c i e n t  da ta  were a v a i l a b l e  t o  de te r -  
mine whether  z e r o  yaw a n g l e  i s  a s u f f i c i e n t  c r i t e r i o n  f o r  o p t i m i z i n g  
p a y l o a d ,  

The s i z e  of t h e  l aunch  window depends on how much pay- 
l o a d  can be s a c r i f i c e d .  F o r  1000 IDS one  can  buy abou t  +20 m i n u t e s  
i n  t h e  LivijATivi window. The associated l aunch a z i n u t h  .JarTes from 
5 9 O  to 75' and the yaw rate from -.06 t o  +.06 deg / sez .  S i m i l a r  
c u r v e s  f o r  a s o u t h e r l y  LM/ATM l aunch  c o u l d  b e  computed b u t  w e  have  
riot  done s o .  'L'hey s h o u l d  b e  n e a r l y  i d e n t i c a l  to t hese  e x c e p t  for 
a r e v e r s a l  of symmetry and launch  az imuths  c e n t e r e d  on 112'. 

- 

111. SELECTION OF THE LAUNCH CORRIDOR 

The t r a c k  of  t h e  i n s t a n t a n e o u s  impact  p o i n t  ( I I P )  d u r i n g  
l a u n c h  for t h e  optimum a s c e n t  t r a j e c t o r y  i s  de te rmined  b y  t h e  l aunch  
az imuth  of 67" or 112O. The n o r t h e r n  c o u r s e  goes  w e l l  ou t  i n t o  t h e  
A t l a n t i c  w i t h  no  i s l a n d s  nea rby ,  b u t  swings  s o u t h  a c r o s s  t h e  w i d e s t  
p a r t  of A f r i c a  i n  t h e  l a t t e r  phases  of b o o s t .  On t h e  s o u t h e r n  
c o u r s e ,  t h e  I I P  p a s s e s  j u s t  north of t h e  Bahama and t h e  Leeward 
I s l a n d s ,  i n t o  t h e  South  A t l a n t i c  between Sou th  America and Africa,  
and c r o s s e s  t h e  s o u t h e r n  t i p  o f  A f r i c a  v e r y  q u i c k l y  j u s t  b e f o r e  
p a s s i n g  i n t o  o r b i t .  

F o r  l a u n c h e s  o f f  t h e  optimum, t h e  d e f l e c t e d  l aunch  a z i -  
muth w i l l  d e f l e c t  t h e  f i r s t  s t a g e  I I P  c o r r e s p o n d i n g l y .  However 
t h e  subsequen t  yaw t u r n  b r i n g s  t h e  I I P  p a t h  back p a r a l l e l  t o  t h e  
optimum p a t h .  
t a r g e t  o r b i t  f o r  t h e  e a r l i e s t  and l a t e s t  p o s s i b l e  l a u n c h  times. 
Assuming a l aunch  window o f  t 2 0  m i n u t e s ,  t h e  ground t r a c k  s h i f t s  
t 3 O O  nm i n  t h e  east-west d i r e c t i o n .  
i n t o  a c r o s s - t r a c k  d e v i a t i o n  o f  on ly  about  +170 nm. 

The d e v i a t i o n  i s  bounded b y , t h e  ground t r a c k  of t h e  

T h i s  p r o j e c t s  a t  t h e  e q u a t o r  - 
- 
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It i s  l i k e l y  t h a t  t h e  LM/ATM l aunch  w i l l  be r e s t r i c t e d  
t o  t h e  n o r t h e r n  c o r r i d o r  and t h e  manned CM/SM l a u n c h e s  t o  t h e  
s o u t h e r n  c o r r i d o r .  The n o r t h e r n  c o r r i d o r  i s  p r e f e r r e d  for t h e  
LM/ATM because  good t r a c k i n g  cove rage  of t h e  unmanned r endezvous  
i s  a s s u r e d .  I n  a d d i t i o n  t he  e n t i r e  l aunch  window c a n  b e  used 
w i t h o u t  h a v i n g  t h e  IIP t r a c k  e n c r o a c h  on any i s l a n d  or l a n d  mass. 
For t h e  s o u t h e r l y  s e c t o r ,  t h e  optimum t r a j e c t o r y  p a s s e s  s o  c l o s e  
t o  some i s l a n d s  t h a t  any d e f l e c t i o n  t o  t h e  r i g h t  ( l a t e  l a u n c h )  
would be  q u e s t i o n a b l e .  Thus only  h a l f  of t h e  l a u n c h  window i s  
a c t u a l l y  a v a i l a b l e .  

Dur ing  t h e  SPS inser t ior i  b u r n  of  t h e  manned CM/SM launches, 
any a b o r t  p r o c e d u r e  which would no rma l ly  r e q u i r e  o p e r a t i o n  of  t he  
SPS canno t  be used .  I n  o t h e r  words ,  w i t h  t h e  e x c e p t i o n  of  t h e  
r e l a t i v e l y  l i m i t e d  RCS c a p a b i l i t y ,  t h e r e  i s  n o  backup p r o p u l s i o n  
s y s t e m  t o  a l t e r  t h e  CM/SM t r a j e c t o r y  s h o u l d  t h e  SPS p r e m a t u r e l y  
s h u t  down. A s  a r e s u l t ,  shou ld  an a b o r t  o c c u r  w h i l e  t h e  I I P  i s  
o v e r  A f r i c a ,  a l a n d  l a n d i n g  p o t e n t i a l l y  haza rdous  t o  t h e  crew would 
be v i r t u a l l y  u n a v o i d a b l e .  According t o  MSC s o u r c e s ,  t h e  RCS c o u l d  
move t h e  I I P  by  abou t  three seconds  s o  t h a t ,  i f  t h e  I I P  a t  t h e  t i m e  
o f  a b o r t  were w i t h i n  about  th ree  seconds  of  a c o a s t l i n e ,  u se  of t h e  
RCS c o u l d  make a water l a n d i n g  p o s s i b l e .  By r e s t r i c t i n g  t h e  CM/SM 
launches t o  s o u t h e r l y  az imuths ,  t h e  l a n d - l a n d i n g  problem i s  s i g n i -  
f i c a n t l y  r educed ,  i f  n o t  e l i m i n a t e d ,  f o r  t h e  I I P  dwel l  t i m e  o v e r  
A f r i c a  w i l l  be on ly  a few seconds ’  d u r a t i o n  compared w i t h  times 
of a rn1nut.e or more for northerly launches. A s  w i l l  b e  d i s c u s s e d  
helc::’, t h e  r e d u c e d  l a u r l ~ i l  windcw concomltant w i t h  solvltherly l a u n c h e s  
i s  a c c e p t a b l e  f o r  t h e  CM/SM.  

TV; LALqlCE IXPLICATZO&jS GF EEXDEZVOUS P H A S I N G  - 
The rendezvous s i t u a t i o n s  faced  by t h e  CM/SM and t h e  

unmanned LM/ATM are somewhat d i f f e r e n t .  The LM/ATM has v e r y  l i m i t e d  
p r o p u l s i o n  c a p a b i l i t y :  t w o  s h i p s e t s  of  R C S  p r o p e l l a n t  o n l y .  A l l  
of  t h i s  p r o p e l l a n t  i s  r e q u i r e d  for p h a s i n g  maneuvers t o  c o r r e c t  
l a u n c h  v e h i c l e  down-range i n s e r t i o n  d i s p e r s i o n s  and f o r  t h e  t e r m i n a l  
phase rendezvous  maneuvers ,  s t a t i o n  keep ing  and docking .  
p e l l a n t  i s  a v a i l a b l e  t o  c o r r e c t  o t h e r  ma jo r  p o s i t i o n  or v e l o c i t y  
e r r o r s .  Fu r the rmore ,  because  LM/ATM s y s t e m s  c o n s t r a i n t s  r e q u i r e  
t h a t  t h e  LM/ATM b e  docked t o  t h e  Workshop and t h e  ATM solar a r r a y s  
be dep loyed  soon a f t e r  l a u n c h ,  e x t e n s i v e  i n - o r b i t  p h a s i n g  i s  pre-  
c l u d e d .  T h e r e f o r e ,  i n  o r d e r  t h a t  t h e  rendezvous may b e  prompt ly  
e f fec ted  w i t h  minimum p r o p e l l a n t  e x p e n d i t u r e  t h e  IIM/ATM m u s t  be 
i n s e r t e d  w i t h  p r e c i s i o n  i n  t h e  O r b i t a l  Workshop o r b i t  p l a n e  a t  a 
c a r e f u l l y  s e l e c t e d  p o s i t i o n  w i t h  r e s p e c t  t o  t h e  Workshop. 
means t h a t  a t  t h e  i n s t a n t  o f  t h e  LM/ATM l a u n c h ,  t h e  Workshop must 
be  i n  a ve ry  s p e c i f i c  s p o t  i n  i t s  o r b i t  s o  t h a t  a t  t h e  t i m e  o f  
LM/ATM o r b i t  i n s e r t i o n  t h e  d e s i r e d  r e l a t i v e  p o s i t i o n  between t h e  
s p a c e c r a f t  can be  r e a l i z e d .  T h i s  r equ i r emen t  i s  c a l l e d  t h e  i n -  
phase c o n d i t i o n  f o r  l aunch  or l aunch  pane.  

No pro-  

T h i s  
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A l aunch  o p p o r t u n i t y  e x i s t s  when t h e  t ime of a l a u n c h  
pane  o c c u r s  s u f f i c i e n t l y  n e a r  t h e  c e n t e r  of t h e  l a u n c h  window 
t h a t  t h e  p a y l o a d  c a p a b i l i t y  f o r  a l aunch  a t  t h a t  t i m e  w i l l  s a t i s f y  
t h e  m i s s i o n  r e q u i r e m e n t .  The d e t e r m i n a t i o n  of a c c e p t a b l e  l a u n c h  
o p p o r t u n i t i e s  must be  the  s u b j e c t  of a separa te  a n a l y s i s .  However, 
t h e  Miss ion  P l a n n i n g  and Ana lys i s  D i v i s i o n  of MSC has p roduced  some 
p r e l i m i n a r y  da ta  on t h e  launch  panes  which were p r e s e n t e d  a t  t h e  AAP 
Guidance ,  Performance and Dynamics Subpane l  mee t ing  of O c t o b e r  23 ,  
1968.  I n  F i g u r e  2 ,  t he  MSC d a t a  ( f rom Char t  MDAD 4 3 9 9 ~ )  a re  shown 
f i t t e d  t o  t h e  launch-window curve  of F i g u r e  1. F i g u r e  2 i n d i c a t e s  
t h a t  t he re  e x i s t  s equences  o f  days  when a l a u n c h  o p p o r t u n i t y  o c c u r s  
a b o u t  e v e r y  t h i r d  day,  depending  on how much p a y l o a d  c a p a b i l i t y  i s  
s a c r i f i c e d .  It appears t h a t  i f  abou t  a 1 0 0 0  l b  r e d u c t i o n  i n  maxi- 
mum p a y l o a d  i s  a c c e p t e d ,  a l aunch  o p p o r t u n i t y  w i l l  e x i s t  a t  least  
e v e r y  t h i r d  d a y .  F u r t h e r m o r e ,  i t  i s  a p p a r e n t  t h a t  enormous pay- 
l o a d  c a p a b i l i t y  must be surrendered t o  e n s u r e  a d a i l y  l a u n c h  
o p p o r t u n i t y .  

The SM has s u f f i c i e n t  p r o p u l s i v e  c a p a b i l i t y ,  p r i m a r i l y  
i n  t h e  SPS, t o  r a i se  i t s e l f  from t h e  l o w - a l t i t u d e  i n s e r t i o n  o r b i t  
t o  t h e  h i g h e r - a l t i t u d e  Workshop o r b i t .  The t i m i n g  and magni tude  
of t h e  maneuvers can  be  f l e x i b l y  v a r i e d  t o  a c h i e v e  a n y  des i r ed  
p h a s e  s h i f t  between t h e  v e h i c l e s .  F o r  example,  i f  t h e  CM/SM re- 
mains i n  a p a r k i n g  o r b i t  80 nm below t h e  Workshop for abou t  two 
days ( 3 0  r e v o l u t i o n s ) ,  t h e  phase  a n g l e  w i l l  s h i f t  t h r o u g h  a full 
360'.  I f  t h i s  much t ime  c o u l d  b e  a l l o c a t e d ,  a l l  r e s t r i c t i o n s  
on l aunch  t i m e  due t o  phas ing  would be  e l i m i n a . t . e d .  T h Z s  Sxti-eme 
f l e x i b l i i i y  must b e  c o n s i d e r e d  a g a i n s t  the d e s i r e  t o  comple te  
r endezvous  e x p e d i t i o u s l y  S G  t h a t  ''---'--' iuur.fisriop a c t i v i t i e s  may b e g i n .  

T J  . AAP LAXi'CH SilvlULATIONS 

I n  t h e  s i m u l a t i o n s  d e s c r i b e d  below,  e n g i n e  per formance  
and s t a g e  weight  da ta  were o b t a i n e d  from Refe rences  3-6 .  Launch 
V e h i c l e  2 0 9  data were used for CM/SM r u n s  whi le  V e h i c l e  210  da ta  
were used  f o r  t h e  LM/ATM. I n  a l l  c a s e s  a f l i g h t  pe r fo rmance  re-  
serve of 1500 l b s  was c a r r i e d  i n  t h e  s-IVB. Although t h e  a c t u a l  
pe r fo rmance  w i l l  v a ry  somewhat f rom one v e h i c l e  t o  a n o t h e r ,  t h e  
c o n c l u s i o n s  based on t h e  per formance  t r a d e - o f f s  d i s c u s s e d  here  
remain  v a l i d  r e g a r d l e s s  of  which  v e h i c l e  i s  a s s i g n e d  t o  a p a r t i -  
c u l a r  m i s s i o n .  

A .  LM/ATM Launch 

Assuming a nominal  a tmosphe r i c  d e n s i t y ,  a t  t h e  t i m e  of 
t h e  AAP-4 l aunch  t h e  O r b i t a l  Workshop w i l l  be i n  a c i r c u l a r  o r b i t  
w i t h  an  a l t i t u d e  of about  198 nm. According t o  Refe rence  7 ,  t h e  
LM/ATM s h o u l d  be  i n s e r t e d  1 2  nm below t h e  Workshop i n t o  an  o r b i t  
w i t h  apogee 1 0  nm above t h e  Workshop. T h e r e f o r e ,  t h e  LM/ATM 
was t a r g e t e d  f o r  a 186 x 2 0 8  nm o r b i t  c o p l a n a r  w i t h  t h e  Work- 
shop  o r b i t .  
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The data of F i g u r e  1 were g e n e r a t e d  i n  t h e  f o l l o w i n g  
manner.  F i r s t ,  a f a m i l y  of t r a j e c t o r i e s  were r u n  w i t h  c o n s t a n t  
l a u n c h  az imuth  and t a r g e t e d  t o  35' i n c l i n a t i o n  and s p e c i f i e d  
d e s c e n d i n g  node a n g l e s  by i t e r a t i n g  on yaw a n g l e  and yaw r a t e .  
Pay load  vs d e s c e n d i n g  node was p l o t t e d  f o r  e a c h  az imuth .  By 
c r o s s - p l o t t i n g ,  t h e  maximum p a y l o a d  optimum launch  az imuth ,  
yaw a n g l e ,  and yaw r a t e  f o r  v a r i o u s  v a l u e s  o f  d e s c e n d i n g  node 
were t h e n  de te rmined  and t h e  d a t a  f i t t e d  w i t h  c u r v e s .  F o r  
c o m p u t a t i o n a l  convenience  descend ing  node (measured  w i t h  r e s p e c t  
t o  t h e  l o n g i t u d e  of t h e  launch  s i t e  a t  t h e  time of l a u n c h )  r a t h e r  
t h a n  t i m e  i n  t h e  l a u n c h  window was chosen as t h e  i n d e p e n d e n t  
v a r i a b l e .  However, t h e  t ime  and descend ing  node v a l u e s  are  equ i -  
v a l e n t ,  b e i n g  r e l a t e d  s i m p l y  by t h e  e a r t h ' s  r o t a t i o n  r a t e  minus 
t h e  n o d a l  r e g r e s s i o n  r a t e .  The a t t a c h e d  f i g u r e s  show b o t h  t h e  
descend ing  node and t h e  c o r r e s p o n d i n g  t i m e  i n  t h e  window. 

B .  C M / S M  Launch 

The C M / S M  i s  i n s e r t e d  a t  p e r i g e e  i n t o  an 8 1  x 1 2 0  nm 
p a r k i n g  o r b i t  by t h e  SPS which i s  bu rned  t o  o r b i t  i n s e r t i o n  a f t e r  
S-IVB c u t o f f .  A b r i e f  s t u d y  was made t o  d e t e r m i n e  t h e  optimum 
amount of  SPS p r o p e l l a n t  t o  b e  l o a d e d  f o r  t h i s  bu rn  t o  maximize 
t o t a l  v e h i c l e  we igh t  a t  c u t o f f .  Two c a s e s  were i n v e s t i g a t e d :  
l a u n c h  az imuth  = 112O, descending  node = 5 2 O ,  ( t h e  c e n t e r  o f  t h e  
C M / S M  l aunch  window); and launch az imuth  = l o l o ,  descend ing  node = 
5 6 . 5 O  ( abou t  1 7  minu tes  b e f o r e  t h e  window c e n t e r ) .  A s  shcwr! i n  
F i g u r e  3 ,  t h e  p a y l o a d  i s  r e l a t i v e l y  i n s e n s i t i v e  tc t h e  S?S p r o -  
pellant l oad i r lg .  T h e  optimum v a l u e ,  152CO i'us, was used  i n  a l l  
of t h e  subsequen t  s i m u l a t i o n s .  

The  pay load  c a p a b i l i t y ,  optinium az imuth  and yaw r a t e  
data f o r  t h e  C M / S M  l aunch  window, shown i n  F i g u r e  4 ,  were g e n e r a t e d  
by t h e  same t e c h n i q u e  d i s c u s s e d  above f o r  t h e  L M / A T M .  
t h e  powered f l i g h t  was t a r g e t e d  s o  t h a t  t h e  v e h i c l e  would b e  i n  
t h e  t a r g e t  p l a n e  a t  S-IVB c u t o f f .  The C M / S M  was t h e n  r o t a t e d  s o  
t h a t  t h e  SPS t h r u s t  was d i r e c t e d  on ly  i n  t h e  t a r g e t  p l a n e ;  no  
yawing was done by t h e  C M / S M  d u r i n g  t h e  SPS i n s e r t i o n  b u r n .  An 
e i g h t - s e c o n d  d e l a y  was assumed between S-IVB c u t o f f  and SPS i g n i -  
t i o n ,  No f l i g h t  per formance  r e s e r v e  a l lowance  was deduc ted  from 
t h e  C M / S M  p a y l o a d  w e i g h t .  

A s  b e f o r e ,  

A s  p o i n t e d  o u t  above, the  CM/SM l aunches  w i l l  p r o b a b l y  
be r e s t r i c t e d  t o  t h e  " e a r l y  h a l f "  of  t h e  l aunch  window, i . e . ,  
az imuths  <112O, i n  o r d e r  t o  avoid j e o p a r d i z i n g  the Eaiiarna I s l a n d s .  
I f  desirex, i t  i s  p o s s i b l e  t o  e x t e n d  t h e  u s a b l e  p o r t i o n  of t h e  win- 
dow beyond t h e  c e n t e r  by h o l d i n g  t h e  l aunch  az imuth  a t  112' and 
u s i n g  t h e  yaw a n g l e  and yaw r a t e  t o  n u l l  t h e  ou t -o f -p l ane  p o s i t i o n  
and v e l o c i t y  a t  c u t o f f .  The g r e a t e r  p a y l o a d  p e n a l t y  f o r  t h i s  pro-  
c e d u r e  i s  e v i d e n t  from F i g u r e  4 .  Fu r the rmore ,  t h e  a p p l i c a b i l i t y  
o f  t h i s  p r o c e d u r e  i s  l i m i t e d  for, as s e e n  i n  F i g u r e s  5 and 6 ,  even  
though  t h e  Bahamas a re  c l e a r e d ,  t h e  yaw t u r n  soon c a u s e s  t h e  I I P  
t o  c r o s s  the  Leeward I s l a n d s .  
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F i n a l l y ,  it i s  notewor thy  t h a t ,  s h o u l d  t h e  l a u n c h  
az imuths  be  r e s t r i c t e d  for r a n g e  s a f e t y  r e a s o n s  f u r t h e r  t o  
t h e  n o r t h  t h a n  112', CM/SM l a u n c h e s  c o u l d  s t i l l  be accompl i shed  
w i t h  r e l a t i v e l y  l i t t l e  loss i n  p a y l o a d  c a p a b i l i t y .  For example,  
l a u n c h i n g  a l o n g  an az imuth  of 108", t h e  s o u t h e r n  l i m i t  o f  t h e  
Apo l lo  c o r r i d o r ,  would r e s u l t  i n  a p a y l o a d  loss o f  o n l y  a b o u t  
5 0  l b s  from t h e  maximum a c h i e v a b l e  w i t h  a l a u n c h  a t  t h e  c e n t e r  
o f  t h e  window a l o n g  an azimuth of  112'. 

V I .  SUMMARY 

The change i n  t h e  b a s e l i n e  i n c l i n a t i o n  o f  t h e  O r b i t a l  
Workshsp srbit t o  35" has a p ro found  e f f e c t  on t h e  l a u n c h  oppor-  
t u n i t i e s  f o r  t h e  LM/ATM and C M / S M r s .  I n  g e n e r a l ,  r endezvous  
r e q u i r e m e n t s  on s p a c e c r a f t  i n s e r t i o n  c o n d i t i o n s  w i l l  make n e c e s -  
s a r y  t h e  u s e  of l a u n c h - v e h i c l e  yaw s t e e r i n g  w i t h  s u b s e q u e n t  loss 
i n  p a y l o a d  c a p a b i l i t y  i n  p r o p o r t i o n  to t h e  amount of yawing 
r e q u i r e d .  

Because b o t h  p l a n e  and phase  c o n s t r a i n t s  must be  
s i m u l t a n e o u s l y  s a t i s f i e d  a t  t h e  t i m e  of  t h e  LM/ATM l a u n c h ,  t he re  
w i l l  be  r e l a t i v e l y  f e w  o p p o r t u n i t i e s  t o  l aunch  t h e  LM/ATM u n l e s s  
some pay load  p e n a l t y  i s  a c c e p t e d .  Because t h e  CM/SM has i n - o r b i t  
p h a s i n g  c a p a b i l i t y ,  its l aunch  w i l l  be c o n s t r a i n e d  p r i m a r i l y  by 
t h e  i n - p l a n e  c o n d i t i o n .  However, i t  s t i l l  may b e  des i rab le  to 
do some yaw t u r n i n g  d u r i n g  t h e  b o o s t  of t h e  CM/SM s o  t h a t  a 
minimum amount o f  on-orbit m i s s i o n  t ime  i s  s p ~ n t  m phasing. 
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